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€> Analysis meHiod for determining subatanoea from biological fluids. 

® A test strip for analyzing substances from tMological flulda disclosed in which th^ matrix comprisea a 
porous mambrana having an asymmetric pora structure which Is designed tor application of the biotoglcal fluid 
to the large pore side of the mambrane and In which a datermlnatiDn of tho biological fluid ie made on fha 
opposite aide of the membrane containing a small pore size. The membrane contains anionic surfactant in an 
amount of 1 te about 4% by weight based on the polymer casUng solution used to form the porous membrane. 
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ANALYSIS METHOD FOR DETERMINtNQ SUBSTANCES FROM BIOLOQIC^L FLUIDS 



FlBid Of The Invention 

The preserrt inv^ntigo relates to test «lrtp5 or test devices for analyzing substances from bioto^toa! 
fluids in which Ihs matrix comprisas a porous membrane having asymmetric por© structure and dealgnod 
6 for the fippficetton of the biological fluid to the large pore side of the membrane and making a determination 
on the opposflB fine pore sfde of the membrane. lYio membrane contains anionic surfactant equivalent to 
surfactant addition of about 1 to about 4 perccmt by weight based on polymer casting solution. 



-70 BaoKground Of The Inventton 

Test strips which contain reagents In a matrtx of paper or plastic material and In which the sample is 
applied directly to this matrix have become e)ctremely Important for quick and simple analysis of Individual 
sampiee. Measurement results which are the same as or better than wet chemical methods can be 
IS obtained^ 

However, the test strips commercially available to date* for determining blood constltuerrte frequently 
possess certain disadvantages. The erythrocytas contained In blood Interfere with most methods. The user 
must therefore typically remove serum or plasma from whole blood by oentrifuging before maWng an 
analysis. This, however, presents prtiblems, partlculariy In the case of ©mall sample amounts. With more 

flO recent testing agents the reagenr layer itself (European Patent 0 064 710. DOS German Published 
Specification 34 07 385) or a covering membrane is semipermeable and retains the erythrocytes. 
Accordingly, the test systems can be directly loaded with whole blood. However, In these test systems 
hemoglobin has to be removed by wiping or washing off before refleotlon-photomefry or visual analysis. 
This method cannot be used for analysis of large molecules, e.g.. certain enzymes, because these are also 

2B retained by the aemipermeabie layer. In addhion, the wi^'ng-off process constitutes a potential source of 
dangerous infections because blood eamples may occasionally be contaminated with hepatitis vtniaea or 
other pathogens. 

In vfew of the requirement for high reproduclt>IHty of the diagnosis, teat strips systems which have a * 
very simple structure and are uncomplicatsd to produce, with a few production steps, are preferred. 
50 It is occasionally also desirable to have a delay phase between application of the sample and start of 
the reaction so that the temperature of the sample Squfd can be stablllzBcl b^re any eubsoquent reactions 
are canted out 

Finally, It Is desirable to be able to use the eame matrbc for anai/^s of blood and urine. In fact, as 
descjibed In detail In EP-A 64 710 and DE 3S 80 523.8. the previously known microporous blood matricee 
ss cannot be used directly, without further aids, fOr a dlp-and-read test in urinalysis. 

There Is as yet no test strip system which fulfills all tiiese requirements simultaneously. 

There has been no lack of attempts aimed at developing test atrlps for blood analyses 2n whloh 
separation of the erythrocytes or hemoglobin Is simi^ttaneously eooompllshed in the system. 

DE-AS (Gemaan Published Specification) 22 22 951 or U.S. Patent No, 4.144,306 descnlies multilayer 
40 test devioes for blood In which one or more of these layers act as Alters which retain the corpuscular 
constituents of biood. Membranes having pores of 1^3 um are used for separation of the erythrocytas. 
These pores easily Wock end Impede passage of plasma with the result that ttie plasma enters the reaction - 
layer skwty and nonunlfomnly. 

Progress was achieved by using special glass fiber filteis as described in OE-QS (German Published 
46 Specification) 30 29 579,5. On application of blood tiie particulate constituents of blood are retained while 
the plasma Is transported to tii© reagent layer in. which the detection reaction takes place. However, the 
dead volume of this erythrocyte retention zone is relatively high. The ratio of separated plasma to dosed 
blood therefore beetles even worse. Thus, it can occasionally be the case that the separation system 
cannot cope wHh the quantity of Bryttirocytos to be separated off, so that blood pigment reaches the 
eo reaction zona and causes Interference there. 

Special retention systems are described In Europe^tfi Patem 0 133 fifiS for furtfier imprevement of this 
glass fiber system. These are. for sxample, papers Impregnated with polar compoundo. ojQs, special dyes. 
These substrates effect strong coagulatton of btood» so that the corpusct^ar oonstituenta are separated 
more effectively from the serum. 

As described In European Patent 0 133 895, there la no universal retention substrate which is equally 
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suHabte for each test For example, some substances cause hemotysts or undeitfo undesirable secondary 
reactions wl^ enzymes. It Is therefore necessary to determine the most favorable retention substrate for 
each test tn addition, soma of the analytee to be determined can be entre^ped when the t>lood coaguletee. 
The structure of the systeme described in European Patent 0 133 89S Is fairly complicated. Thud, the 

6 system for detection of glucose consists. Ybr example, of seven IncSvldual elements. The reaction Is 
tr^gered by the polymer matrix, which la provided with the detection reagentSr being pressed onto the 
transport wadding tilled with plasma. Since an oxygen deficiency problem would arise In oxidation reactlDns 
In the compressed state speolflo reagent matrices have been developed for this syetem and are described 
In European Patent 0 113 80S. These are film layers containing reagents on a multifilament fabric carrier 

w layer of wadding. The reagent films are prepared* as described In this application, from aqueous polymer 
dispersions rn the presence of fillers. Since a certain amount of oxygen Is stored In the multffflament fabric 
layer an oxygen-consuming reaction can take place la the above system even In the compressed state. 

A disadvantage of this system Is that the oxygen content is Bmited and. as described In Eurapean 
Patent 0 113 89B, is insufficient for the oxygen requlremente essential fbr the reaction. The reaction layers 

19 on multifilament fabric layers described In this specification are used In combination With the above- 
mentioned erythrocyte retention substrates. Erythrocyte separation Inherent to the system Is evidentiy 
Impossible with ti\ese reagent layers supported by wadding or fabric. As mentioned there, the reagent 
layers are prepared from polymer dispersions in the presence of fillers by the methods described in DE-AS 
(Gennan PubHshed Specification) 13 98 153, 0E-O8 (German Published Specification) 29 10 134 and DE- 

io OS (Qerman Published Spedfication) 31 18 381. Tiie resulting pore structured have very small pore 
diameters, low porosities and no pore tiirough-channols. 

European Patent Applications 0 1 1D 173 and 0 263 806 of Ufescan descrftje detection elements which 
have a oonsidembly simpler and less complicated stnjcture and which can be used directty fbr whole blood 
analysis. As described In the last-mentioned specification, the reagent matrix Is hydrophilic polyamlde 

S5 membrane (nylon) lmpr®9nated with detection reagents. 

A noteworthy feature of this system, which Is aJready commercially available, Is tiiat the red blood 
pigments are not separated. On application of blood tiie entire reagent mattlx beoenrtes nsd. The glucose 
color reaction is evaluated with a device whose wavelengtii does not Interfere witii the red blood pigment 
but which detects the chromogenic reaction. However, ttiese systems cannot be used for visual evaluations. 

Qo As shown by analyses of this reagent matrix under the electron microscope, there are Wghly porous 
membrane layers located on etther side of a polymer wadding. The pore structure is aymmetrioal and has 
diameters of 2 to 12 um (microns). There can be no separation of erythrocytes. By contrast It Is described 
In the same application (EP-A 0 258 808) that membranes having mean pore diameters of 0.1 to 2.0 Hm are 
preferably used for btood ansdyses. The above-mentioned difficulties apparently also occur with this system. 

as Le.i ttiat porous systems having pore diamstenj of less tiian 3 urn separate tiie erytiirocytes but are 
blocked by high motecuiar compounds and. moreover, do not allow high molecular analyiee to pass, 
whereas predsaly the opposite is the case with membranes having much larger pores. 



40 Summary Of The foventkm 

U is an objection of the present Invention, then, to develop a test strip system and an associated 
method of analysjs whose construction and manipulation are is uncomplicated as the iast-deeorfbed system 
but which at the same time allows separation Of red blood pigments (cells) witiout any additional aids 

43 (coagulants), in addltioni it should be possible to precede the actual dete^on reaction, where necessary, by 
specific preliminary reactions, for example, to remove interfering components, It being posslbte for tiie 
detection end preliminary reactions to be separated In time, where necessary, by timing delays. Finally, it 
should fuTtiiermore be possible to use tiie detection elements for a dlp-and-read teat in urinalyels. 

It has now been found, surprisingly, that membranes having an asymnDetric pore structure Into which 

w the corresponding detection reagents are Incorporated can be employed In an outstanding manner to 
achieve the aforementioned objects. The expression 'asymmetric pore etmclure" Is familiar to membrane 
experts and Is described in detail in a large number of publications. 

DOS 34 07 358 and U.S. Ijetters Patent No. 4,774.192 disclose a form Off asymmetoic membrane pore 
structure. However, in contrast to the claimed invention, sample Is applied to the small pore aide of the 

65 membrane, This Is a sampie receptive surface which the '192 patent described as "essentially Impermeable 
to cells and partlcutate matter". Accordingly. In the case of blood and other bloloc^ camples tiie pores of 
the membrane become clogged very quickly rendering tiie membrane Ineffiective as a reagent matrix 
material for use wttifi biological materials such as whole blood. Such detection systems are unsuitable for 
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the appQcatlon purpose according to the invention* and aro surtabia only for wipesrff aystsms in which the 
blood has iD be wiped off. 

As described herein deficiencfes of the prior art with respect to color gradation and color stability were 
overcome fay the addition of certain anionic eurfactants In particular amounts. These particular surfactants 

a and the critical amounts Of the surtaxtorts am not disclosed by the *192 patent. 

Two other publlcatfons which can be mentioned which rater to asymmetric pore structure and 
membranes are the following: H. Strathmann, 'Trennung von moiekularen f4i80hungen mlt Hilfe syn- 
Ihetischer Membranen*, (Separation of molecular mixture by means of synthetic membranes) Steinkopf- 
Veriag, Darmetadt 1879 and 0. K Uoyd. "Materials Science of Synthetic Membranes"^ AC8 Sympoatum 

70 269, WasNngton* D.C. 188S. The most important method of preparing such membranes*, namely the 
predpltatkxi coagulation method (also called phase Inversion), is also mentioned. The tnteoral asymmetric 
pore structure wHh a denee polymer etruoture, also called a polymer ekin or acthre ssparaUng layer, at the 
membrane surface and larger pores and higher porosity in the underiying highly poroue support layer are 
typical of such membranes. 

IS Whereas the thicknesd of the active separating layer la about OSL^SiJ^ um. the underlying ht^ly porous 
support layer is as a rule about 20 to 100 urn thick, depending on the wet application during producfjon of 
the membrane, ihe etrudure of the highly ponous support layer can poaseas a foam-like or flnger-llke 
structure or even a mixed structure of these two. depending on the polymer and the preparation method. 
Subsequent modification or preparation with a fOrther. e.g., even denser, acttve separating layer on the 

20 original active eeparatlng layer by the so-called composite method (J£. Cadotte, ACS Symposium 8er. iSd 
[1061], dO&^20) ie also posstblei but tesa preferred, for the preparaiton of the detection elements according 
to the invention. 

The membranee used for prepanatlon of the detection eiemenits according to the invention can either be 
carrier'^ee or can adhere with the lower side of the membrane on a permeable carrier material customary 
as for technfcal membranes, for example, polymer wadding or muhifilamBnt fabric. It euhabie detection 
reagents are Incorporated In auch membrane systems and exposed to whole blood on the tower aide of the 
membrane, the red blood pigments are separated in the membrane while a color reaction, wittiout 
erythrocyte intBrferenoe, can be Observed on the opposite membrane aide. 

The pore size on the lower side of the membrane (application side) should be at least 3 Um, preferably 
00 5 to 10 um. the pores on the t^poslta upper side of the membrane should be not larger than 1 jun. Pores 
having a diameter of 0.1 to 03 um are preferred. 

The spBctal pore structure of these membrane matrices Is evidently of decisive eignlflcanee for the 
detection elements eccording to the Invention. Aa shown by SEM photographs the mechanioma of these 
eydteme can be interpreted as ttollowa. Whole blood flows unimpeded through the large pores ^5 wv) on 
aa the application skile of the membrane while plasma separation takes place through the Increasing pore 
nanwings In the active eepareting layer. 

By contFBst. Ktw molecular compounds including the low molecular pKiducts of the detection reaction, 
such as hydrogen peroxide, csn pass through ftie microporous active separating layer. 

If, then, a chromoganic deteciicn system 're imroduoed into the acfive separating layer or onto fts 
4C surface, a detodfon reaction without interference from erythrocytes can be observed ^at the membrane 
aurfaoe after applicatfon of t^lood onto the reverse side of the membrane. 

It is also possible to use Other detection methods* for example electrochemical detection methods, 
Instead of a chromogenlc detection system because membranes, aa described In DE-OS (Qenman 
l^i^shed Specification) 36 15 631. can be easily metatiized and therefore made electrically conductive. 

40 

Brief Deacription Of The Prawlnga 

Other and further objects, advantages and features of the invention will be apparent to those skilled trt 
eo the art from the following detaifed description thereof, taken In oonjunctlcn with the accompanying drawings 
In which: 

Fig. 1 Is a dlBgrammalio oroae-sectlonal view of a portion of a reagent matrix rnembrane usable In 
accordance with the prsaent Inventkm; 

Fig. 2(a) and (b) are a c9agrammatlc perspective view of a test strip in accondanoe wHh the present 
65 invention and a cross^ecfional side view of the same test strip, respectiveiy; 

Rg. 3 Is a side view of a test strlp In accordance vnth ano6ier embodiment of the present Invention; 

Pig. 4(a) and <b) are diagrammatic side views of two other embodlmema of the present Invention; 

Fig. .5 is a series of four drawings Illustrating In sequence the preparation of the test strip embodTment 
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illustmted In Fig. 3 [Rgs. 5(a) through (o)] and in Rg. 4(a) [Rg^d]; 

Bg. 6 id 9 9lda view of yet another ombodimdnt Of the presBitt Invention; 

Fig. 7 l8 a diagrammatic percpacflva view of a tart strip In accordance with the present Invention in 
which a color chart la posttlonad on the tsat atrip in the vicinity of the location where visual readinga ara 
a made*- 

Fig. 8 id 3 series of five drawings which Uluatrafaa the preparation of y^ another test atrip In accordance 
with the present Invention by sequential HluslratiDns (a) through (d). which lead to the preparation of the 
embodlmant shown In side view f=ig. Be; and 

Rga. 9 to 11 are diagrammatlo side' views of three edditlona) en^bodlnnanta of the present invention, all of 
to which contain an opening in the $ui5airate beneath the reagent matrix fbr visualization of the color change 
which occurs in the reagent matrix following application of sample to the teat strip. 
In the figures the last d!g» of an item number Is identical for similar parts In different figures. 



19 Descriptlpn Of The Preferred Embodiments 

An Important advantage of the detection elements described here la the relative eaee with which they 
can be prepared. For example, the membrane systems shown in Rgure 1 can be prepared aooordlng to the. 
present stato-of-the-art in a single operation (coating a carrier nwterlal with a polymer casting solution 

so fbllowed by coagulation and drying). In the diagrammatic reprssemaBon of the membrane in Rgure 1(A) is 
the active separating layer which usuaily has a thldcnesa of 0^ Um to 2.9 um; (B) Is tfie integrally 
asymmetric polymer membrane which is normally 50 um thick: and (C> ia a layer of maieda] which can be 
a fabric or a yradding, the thickness of which is about 10 to 250 Um. 

The reagents necessary for the detection reaction can be incorporated, as described in detail in 009 

2S (German Published Specification) 34 07 369, in the membrane either directly via the polymer casting 
solution or by subeeciuent Impregnation. The latter Is preferred in the case of water soluble reagents. A 
combination of these two methods Is used in many cases, organic soluble reagents being incorporated via 
the polymer casting solution and water soluble substances, such as enzymes, being incorporated by 
Impregnation. Impregnation Is preferably canted out with the extruder or cascade method described In/EP-A 

80 246 505. 

A further advantage of the detection elements described here Is the wide eelection of possible 
polymers. Virtually all soluble polymers are suitable for preparation of the membrane by precipitation 
coagulation, also called phase Inveraion. Thus, there Is a seleclion of hydrophilic, hydrophobic, neutral, 
cationlc and Brtionlc polymers which allows ac^justment to the partlcular detection eystem. 
as Examples of suitable polymers include: polyvlnylidfine fluoride, polysulphone,* polyhydantolna, 
atyrene/malelc anhydride copolymer, polyamides. celluIosB achates, poiyethers. poiycarbonatas. 
polyiirethanes, where appropriate In combinalion with ionic polyurethane dispersions, polyacrylQnitrilB and 
copolymers thereof. Acrylonltrile copolymers with Ionic, In paittoulsnr cationic, groups are preferred. 

Aorylonitrile copolymers with anionic functions, betaine structures or mbctures o# catlonlcally and 
40 anlonically modified copolymers can also be employed. Bcampie 1 shows the chemical structure of a 
preferred catjonio acrylonltrile polymer. 

The acrylonltrile copolymers contain at teasl 50 percent by weight prefer^>ly aft least 80 percem by 
weight, of acryionKrtle. 

Suitable copoiymertzed oomonomera are both neutral comonomera and, as mentioned, comonomers 

45 having anioniCt cationlc or betaine functions. 

examples ot neutral monomers wWeh can be present in a polymer, alone or in combination with one 
another, in amounts of 0,5 to SO peroeot by weight, are, atong others, mothacrylonilrtle; (me1h-)acrylic 
esters, e.g,, methyl, ethyl, butyl, hexyl. 2-ethylhexyl. cyclohaxy. hydroxyelhyl, hydroxypropyi. ethoxyethyl, 
butoxyetfiyl, methoxyethyl. phenyl, phenyiathyl, phenyipropyi. turfuryi. tetrahydrofurfuryl, poiyalkylene ether 

so (methjacrylato; vinyl esters such as vtnyl formate, vinyl acetate, vinyl proplonlate, vinyl butyrate. vinyl 
benzoatej (meth-)acrylamide and N-mono- or N,N-diallcyl- or hydroxy- and alkoxyalkyl dertvatives thereof, 
e.g.. dfmethyKmath)acrylamlde, N-hydroxymefhyl-. N-methoxymethyI(meth)aoryIamide; maieic add amide; 
ftaconlc acid amide; unsaturated ketones such as methyl vinyl ketone, phenyl vinyl ketone, methyl 
isopropenyt ketone; dlacetone acryiamide', vinyl ethers such as vinyl methyl ether, vinyl ethyl ether. N- 

ss vinylcarboxyamldes such as N-vinylformamlde, N-vinyiaoetamido, N-vInyt-N-methylforamldB. N-vinyl-N- 
methylacetamide; N-vrnyllactams such as N-vinyl-pyrroRdone. N-vinyicaprolaciam; styrene; armethylslyrene; 
and dilsobutene. 

Suitable anionic monomers which can be polymerized with ecrylonitrile alone or In combination with 
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neutral monomers are unsaturated carbcncync acids, e,g.. (mdth)acryllc add, Haconlc add, maleTc acid, 
fumarto add and the correspondrng salbs. The maximum content of free carboxyHo acid !n the polymer can 
be 2100 mEq/kg (mti)iequivaldma par Idlogram) of polymer Other arUonlo monomers are unsaturated 
sulphonic adds and salts thereof, e.g.. vinylsulphonio add. (meth)allyl8Ulphonlc acid, styreneaulphonio add, 

6 a-acrylamidO'2-methylpropflne-8ulphort!o add. potassium 3-suiphopropyl(meth)-acry(ate, cflpotasslum bis(g- 
su(phopropyl)itaconatB, (m8th)a!lyloxybenz9n©sulphonlc add, sodium 2 sulphoetiiyl-rt-methylacrylate, potas- 
6(um monofaurylttaoonaxypropsnesulphonate, and sodium sulphopropylaJkytmaleaie. The maximum content 
of free sulphonic acid functions In the polymer can be 1400 mEq/kg of polymer. 

Cationic monomers are In particular those containing an amino or ammonium structure. Thoy can also 

ia be incorporatod In the polymer alone or in conjunction whh neutral monomers. Bcampfes are» among others: 
vfnylpyrtdlne; 2-m9thyi-5-vlnyl-pyridine; N-mono- or N,N*<IJaII<y(amlnoalkyl (meih-acsfylates, e.g.. ^Her^ 
butylamtnoethyl (meth)-6crylate, N,N-dlmethyH N.N-dlethyK N.N-dtpropylamlnoethyl (meth)acryla{e, N,isi- 
dlmethylaminopropyl, -butyl, -pentylp neopentyl. -hexyl{meth)3crylate; N-monoalkyl- and N.N-dleikyl- 
am!noaIkyl(m&th)acry(amlde, e.g., N,N-dtmethyiamlnopropyI(m^th)acrylam]dB; N-vlnyQmldazole and deriva- 

16 tlves, e.g.. N-vlnyl-2-mfethyl-, I^vinyk2-etiyl-, N-vlnyl-2-propyl-, N-vlnyW2 -Isopropyl-. t^vlnyl-4-mcthyl"» 
vinyl^5-msthylimida2ole, N-vinylimidazollne and derivatives, e.g., N-vlnyl-2-phenyl-lmldazo|lne; 
mefthacryloxyalkyl)imida2oles such as i-{j5-methacrvloxyethyl)-^ethyBmldazole. H^memaoryloxypropyi)- 
2-methy[ImIda2ola and 1-(;J-me<hacrytoxybutyl)-2-methyllmlda2ole. 

The8e amine monomera can be present in the copolymer in free amine form or In the ammonium form 

io either protonated by acida or quatemized by alkylating agents. Based on free amlrie, the polymer can 
possess a maximum of 1600 mEq of ba&lc groups per kg of poiymer. 

A further group of functional monomenD. up to 15 percent by weight of which can be contained In the 
acrylonltnle copolymer^ have betalne structure, Ue^ they are innsr salts. Escamples include: N-<3-sul- 
phopropyl)-N-rhBthacryloxeihyl-N,fvl-dimethytammonium betaine. N-(3-sulphopropyl)-N- 

2& methacrylamidopropyl-N,N-dlmethylammon!um t)et^ne, and l-(33u!phapfopyI)-2-vlnyl-pyr1dinIum betalne. 

Th© acryionitril© copolymers mentioned are prepared by known methodB of preclpttationi emulsion or 
solution polymerisation with the aid of free radicaMormIng Initlatore. e.g., azo compour^ds, peroxides, redox 
systems such as persulphats/sulphite, persulphafae/thlosulphate, persutphate/ighloratei and furthermore hy^ 
ditjgen peroxlds/sulphjnlc acid. 

30 For synthesis of polymers containing cationic or betatne comonomers the preferred starter system is. If 
predj^tatlon polymerization !n an aqueous medium Is employed, hydrogen perDxide/meroapian, as de- 
acrlbed In dp 2 046 086. 

The molecular weights Of the acrylonltrlle (co)polymer3, expressed as K value (according to Rkent- 
scher, Cellalosechemie IS, 58 (1932), are 70 to 130. 
as • Depending on the polymer the following soK/erttd are used for preparation of the casting solution: 

DImethylfomnamide, N-methyipyrroiidone. dimethyl sulphodde, dlmethylaoetamide, formamlde. glycd 
carbonate, acetone and mbdures thereof, besides the known organic solvents and morganlc acids and 
aqueous salt solutior^. Particularly suitable solvents for the preferred polyacrylorntrSlee are dlmethylfor- 
memlde, dimethyl sutphoxide and formamlde and mixtures thereof. 
40 Where appropriate, small amounts of nonsotvents, for example, alcohols or water, can b9 added to the 
polymer casting solutions. 

Preferred coagulation liquids are aqueous systems, In particular pure water or water TOntalning a small 
amount of solvent, for example, 55 percent by weight of water, S percem by weight of dln^ethylformamide. 
The membrane is advantageously washed with pure water before drying. 
^ As mentioned, and generally known, the casting solutions emptoyed for tiie preparation of the 
membranes conventionally consist of a polymer or mixture of pdymers and a solvent or nature of solvents. 
RUers can be added, where appropriate, for stabilization of the nnembrane structure and for adjustment of 
certain reflection properties, so that filler^Qntaining membranes are obtained. 

It has now been found, surprisingly, that such membranes prepared In accordance with the standard 
50 formulations are unsuitable for the preparation of the no-wipe blood glucose test strips, accoitling to the 
Invention, with tetramathylbsnzldlne as an oxidation Indicator. 

As descnbsd In detail In the comparison example, the customary TMB/GOD/POO system for glucose 
detection was Incorporated In a pofyacrybnitrile membrane and the test was csdrrled out via the membrane 
carrier side with aqueous glucose standard solutions and whole blood. Very weak vlolet-gnay cobrations 
68 which hardly allowed dltTerentiBtion and disployed very poor color stability were obtained^ 

Surprisingly, these deficierides were completely eliminated by addition of certain anionic surfactants, 
for example sodium dodecylben;:ene8ulphonatei to the polymer casting soluttoni blue colorations with good 
color gradatlona and excellent color stability being obtained. Sodium dodecyl eulphate. lithium dodecyl 

6 
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sulphate. ti1s(hyc!foxyTnethyl)amlnomethBn6 teuryl sulphate, sodium dioctylsulphosuccinate and sodium 
dodecaneaulphonete proved aultabis in addition to sodium dodecylbenzeno sulphgnate. By contrast, 
membranea to th» casting aolutton In which tho sodium aalte ot pontanosulphonic acid, heptanesulphonic 
acid or octanssulphonlc acid wore ^ded and nonionio aurfaotants such as Triton XlOO (ethoxylated 
5 nonylphenol) demonstraled poor resufe as membranes wfthout added atirfactants. 

Boaido the type of the surfactant used, the amount also plays an important role. For example, addition 
of 4^ percent by weight ol sodium dodecylbenzene-sulphonfiElo produced an improvement in color 
gradation a? compared to the aurfactant free fomnulatlon but the color stability v/ae not aatlsfactory. 
Increaaing amounts Of the anionic surfactant incroaelnflly Improved the color gradatlone and color stabilities. 
10 the optimum being at about 8 to 25 percent by wGight. based on polymer solid, equivalent to surfactant 
addition of about 1 to 4 percent by weight, based on polymer casting solution. 

For reflectometric evaluations It is frequentiy favorabie. as described tn DOS (Qemtan Published 
Spedflcation) 34 07 359, to improve the reflection properties ot the reagent membrana by Incorporation of 
fillers, such ae T10a» BaSO*. SIO2. talc. CaCOa, zeolites, bertonltes, diatomaoeous earth or mlcrocrystailine 
13 cellulose. Detection alementa with defined primary cotofs can be obtained by means of color pigments, in 
the preparation of filler containing detection etemenls for the range of appllcatione aoooreling to the 
Invention It was found, sunfMislngly, that the IdnotJc course of the detection reaction ie sensttlvely dependent 
on tha fUler content In the membrane. Thus, filler free membranes showed a typical "kinetic" course of the 
reaction, for example In ttie glucose detection, whereas membranes having certain tiller contents gave an 
20 end-point reaction. A comparison of Exampies 1 and 3 illustratea tills surprising result 

For continuous preparation and for better handling, precipitation coagulation membranes are pToferoWy 
cast on membrane carrier materials. The finished membrane is then a composite of eemlpsrmeable 
membrane with the canler malsnal. Suitable carHer materials are imown to membrane experts and consist, 
for example, of polymer waddings, multffllament potymer fabrioa or multifilament glass fiber fabrics. For 
25 i^aoons of better homogeneity, faijrics are preferred for tiie detection elements according to the invention, 
for example polyester f^rlc PES 1S73 or nytori fabric PA 1153 (Messrs. Verseldag, Krefeld. SohweJz. 
SeidengazBfabrik. Thai, Switzerland) and glaee fiber fabric type 0324G (Messrs. Interglas, Ulm). 

In contrast to the "test strips on muHlfltament fabric carrier layers" described in European Patent 
Spocification 0 113 B96. the detection elements described In tiie present application are completely able to 
30 function, even wtthout carrier material, with respect of eryttirooyte separation and color reaction. The 
carriers primarily serve for improved continuous preparation and easier handling durifig packaging to give 
ready-made test strips. 

In the aimplest case, the detection elements aecordfrig to the Invention can be converted into reaoy- 
madc test strips (10) in the manner described in Figure 2. On to a preferably white perforeted polymer tilm 
S8 (1), for example Tryclte<s> polystyrene film, tiie reagent matrix te attached at Ite cantor site by means of a 
double-sided adhestve tap© (3). The polymer film (1) serves as a test strip support Whole blood la applied 
above tile round opening (4) In polymer film (1). The color reaction and ite evaluation teke place on the 
opposite aide ot ttie membrane matrix (membrane surface) which is available for direct aooesa of oxygen 
and which tiierafore does not require any additional aids to supply oxygen. 
40 it has now been found, sunsrtslngly. that detection elements can be provided vritii further advantages as 
compared to the conventional system by a novel test strip (20) structure, as shown In Figure 3. Flguro 3 
shows a veralon of this teat strip stmcture acconJino to the Invention, the preparation of which Is described 
stepwise In Figures S(a) to (c). The reagent maUlK (12) Is attached witii its active separating layer (reagent 
layar) onto a transparent polymer film (11) by means of double^lded adheeive tope (13). After application 
45 of tfie sample liquid tiie color reaction can be observed tiirough tha transparent polymer film (11) which 
serves as botii test strip support and window. The atmospheric oxygen necessary for the reaction la stored 
in the free air space (18). ^. , , 

. As shown in Figure 4e. one or more permeable layers (48), suoh as waddlnga of polymer or glass, 
paper or a fabric of polymer or glass, can be attached to the top side of tho reagerti matrix (42) to improve 
60 distribution and adsorption of tine blood sample, and tiiese can In turn be covered, where appropriate. t>y a 
polymer film (40) except for opening (47). The preparation of test strip (50) Is thus based on the steps taken 
to prepare test strip (20) of Rg. 3 and tills Is illustrated In Fig. 5 (a) to (d). In tills way. it is also possible to 
prepare test strip (60) (shown in Fig. 4b) with several reagent matrices (62) to which Wood can be applied. • 
where appropriate, via an opening ($7)* 
66 As shown in Figure 6 the transparent teei strip support can be replaced by a nontransparent poiymer 
film (21) having a transparent window (28). Accordingly, tiie transparent "window" (28) and ttie free air 
space (2B) between window and reagent matrix (22) are essential to tiie Invention of flie novel test strip 
structure (30). The volume of tiw free air space (26) depends on the amount of oxygen requfred tor the 
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reaction and can bd mado varfablo by (he tfilckness of the double-sided adhesive tapes (23) end the 
potymer films. As can be easily calculated, tfie canventfonaJ substrate concentrations are soffioidflt for the 
oxygen rsquirsment for diagnosis reactions wtien convantional double^ided adhesive tapes or films are 

US9d. 

6 It has been found that in test stripe. having such a struoturs the autoxfdation reaction of the oxidation 
Inc^tor catalyzed by air and light preoess much more slowly than In teat strips having a conventional 
structure. This po$ISve effect can be further intensified by transparent windows with UV absorbers. 

As shown In rrgure 7, con;e3pandlng color blocks (37) allowing bettsr visual evaluafion can be 
integrated, where appnapriete, in or below the -transparent window or opening (38), attached to stibsUate <31) 

10 as shown on test strip (40). 

In the detection elements according to the invention the individuel layers can be fbced eithar with 
double-sided adhesive tape (13, 43, 53) or Itctukt adhesive or by hot-mett acflisslves, for example EVA hot- 
melt adheelves from the 3M company. Hob-melt adhesives are partlcuiarfy preferable for attachment of 
polymer networks with the test strip support 

re Furthenmore, it has been found, completely surprisingly, that the detection systems according to the 
Invention having the test strip structure Just described oan also be employed in an outstanding manner for 
dtp-and-read tests for investigation of urine or other aqueous samples. As described in detail in EP*A B4 
710 and DE-OS (Gsnnan Published Specif IcaBon) 38 09 5233, the previously known microporous polymer 
matrices cannot be employed directly without further aids for dlp-and-read tests because their surfsces wet 

^0 nonuniformly and absorb liquid too slowly. By contrast, with the test strip structure descrit)ed In the present 
application access of Rquld via the mloroporoue active separat^g jayar (reagent zone) Is impossible. 

tn urine test strips the top cover (49) In Figure 4a (prefferred for blood tost strips) Is preferably missing. 
Yet another embodiment of the invention is illustrated in Fig. 6 where test deviod (30) consiste of a 
substrate ^) onto which reagent matrix (22) is affoced by means of double-backed adhesive (23) on one 

23 side thereof and on the other side thereof transparent plastic member (28) is affixed by means of double- 
backed adtieslve (23). An air space (26) Is present between the matrix (22) and the transparent plastic 
material (2fi), Th9 transparent plastic materia! (28) permits readings to be mads from the bottom of test 
device(3Q). 

The test devices can, if desired, contain color charts sunoundlng the area for visual reading. An 
so example of this is illustrated in Rg, 7 where test strip (40) contains color charts (37) applied to one side of 
the substrate (31) surrounding opening (38). The color elements (37) can, If desired, contain numerics! 
values to aid In the determination o1 the readings being made. In Rg. 7 the color chart areas (37) contain 
numerical values ranging from BO to 500. 

A proposal for the stepwise construction of a urine test strip (70) is shown In Figure 8(a) to (e). The 
9B components in Figure 8 are designated as follows: Fteagent matrix (62), double-sided adhesh/e tape (63), 
transparent polymer film (61). polymer network and absorbent material (68). and free air space (68). 

With regard to liquid residues which remain adhering to the test strip after Immersion (drop problem) H 
Is frequently advantageous to provide a test strip (70) In which the absorisent matsrial (68) is not applied 
oon^letely down to the end of support (61) with adhesive tape (63); as shown in the oross-sectionsl 
40 reprssentation in Figure s(d). Where appropriate, opposlts edges of the test strip support (61) can be telt 
free of doui)fo-sided adhesive tape (63). 

The reagent matrix of the dlp-and-read test strips with the test strip stnicture shown here can also 
consist, where appropriate, of paper, although plastic matrices are preferred. 

Since the reagents necessary for the reaction can be incorporated in different layers (active separating 
45 layer, matrix polymer, membrane carrier material and overlying absorpttve layer or layers) in such detection 
elements one Skilled In the field Is provided with a number of forther possible oombinatkins. 

Diagnosis test strips with covering network layers have been described In DE-OS (German Published 
Specification) 31 16 381; however, the covering network layer in this speclflcatfon Is arranged directly above 
the reagent layer. Any auxiliary reagents are In direct contact with the reagent layer and on application of 
60 sample are easily canled into the reaction zone lying Immsdiatsly undarnaath. Therefore, as described in 
DBOS (German Published Specification) 30 12 368, It is possible to incorporate only those reagents whk^h 
cannot urdengo any undesirable secondary reactions with the reagent syetam in the reagent matrix. For 
example, the only oxidizing agents which can be used for solving the problem of ascorbic acid Interference 
are those which are incapable of entering into a reaction with the oxidation Indicator (usually tetramethyf- 
86 benridtne). 

Since the color reaction in the systems described In DE-OS (German Publlshad Specification) 31 18 
381 can be evaiuated only through networi< coverings, those must meet special requirements which greatly 
limit the chofoe of reagents, materials and mechanisms which can be used. 
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For ejcamplB, It is p03sib!o to use only transparent polymer febrica, and Incorporaticjn of auxfJiary 
roaoente Into these fabrics is limited to colorleas products. A further disadvantage of detection systems with 
networKs on the evaluation side is tlie diffteuhy of reflectometrtc evaluadone which are (Irequently rendered 
Incorrect by the reflection properties of the polymer network 

5 The limitation with respect to materials and type of Incorporated reagents do not apply to the 
permoable layers (88) described tbr test strip (70), or layer (48) for test strip (50). or layer (68) for test strtp 
(60). Rather, the oon'ecponding matsrfals can be adjusted to fulfill the particular task. For example, thin 
fabrics or waddings having a good dtetrlbutlon function tor blood (tor example nylon fabric Nytal® and Nytal 
XXX® of the Schwol*ertscho Seidengazefabrtk or Paratex® waddings from Lohmenn) are preferred for 

fa blood test strips. In particular with several test zones (figure .4b). By contract matsrials having a higher 
absorptive capacity, for example Vlledon Rlter FFM 26a7«^Parapriht® waddings, glass fiber papers or 
polyester or nylon fabrics wltfi basis weights of about 50-100 g/m^ (grams per square meter), are more 
suitable for test strips to be used by the dip-and-read matfiod. Other suftable materiajs for the permeable 
layers are flKar papers having basis weights of 9.5 g/m' to Z7.5 gAn' which are prepared, for example, by 

IS Schoellsr and Hoesch fbr various filtration purposes. 

In the case of test strips fbr dip-and-read tests It Is occasionally advantageous to Interpose a layer with 
absorptive material which la capable of absorWng defined liquid amounts between the polymer network and 
the reverse side of the reagent matrix. Prefenred materials for thfa purpose are waddings or fabrlca having 
defined absorption capacities for liquid; particularly pmf^rably larrrfnates with water-absorbing polymers, for 

BO example laminates from Qslok Int. G«rp. 

On inoorporatlon of reagents In one or more of these layers there Is no need to take into account the 
limitHtions mentioned In respect of Interaction with the reagents of the reagent layer. 

Further test strip structures, accoiding to the Invention, fbr blood analyses are shown In Figures 8 to 11 . 
These test strips con^spond to those in Rgures 3 and 4. the transpareTit carrier, film (11. 41. 51) being 
replaced by a white polymer film (71, 81. 91). TTiis test strip configuraflon Is preferred for blood analysis 
over the type shown in Figures 3 and 4 whenever the coniesponding Indicator system Is not photosenslth^e. 

The wadding, fabric and film materlate selected from the. tost strip stnicture are es^ntlal to the 
optimum course of the detection reaction and are described In aomewhat sealer detail below, 



Waddings 

Messrs. Froudenberg offer special waddings of polypropylene and polyester In various thlcknesees and 
basis weights fbr preparation of membranes. These waddings have proved soitabie, for eKsmple. as 

80 membrane carrier material (C in Rgure 1). "ftie 'yaddings for Rquld filtration*' of Messra, Freudenberg are 
also suitable. These are predomi nantly waddings d celluloee with synffietic resin polymer as binder which 
have prx>ved suitable aa the absorptive layer (56) In Flgiare 4b and 68 in Rgure Be. 

Messrs. Ixhman offers waddings based on cellulose, predominantiy lor hygienic and medical appHca- 
tions. These articles have aleo proved suitable for the same ^worptive layer. Laminates of waddings with 

40 water-absorbing polymers absorblr^g defined amounts of Rquld are offered, for example, by Messrs. Qelok. 
Such laminates have proved suitable, in particiilar, for dip-and-read tests and blood diagnosis teetc In 
respect of liquid dosing. Similar properties were able to be achieved with glass fiber waddings {Messrs, 
Blnzar). Teat Strips with liquid-dosing layers are frequently advantageous witii regard to end-point reactions. 



Fabrics 

Fabrics of nylons, polyester. pdyaorylonKrile, fiuorfnated polymers, cotton and glass fibers m different 
weavee. thread fhlclcnesses, open area* and baste weight are offered by various companies (for example 
Vereefdag, ZUricher Beutettuchfabrtl^ AG (ZBF). lotergias. Schwalzerische Seldengazefabrtk). Depending on 
the consistency, these fabrics can bo used eHher as merr^rane carrisr material (C in Figure i) or as the 
permeable layers (48, 58. 68. 88, 98). Fabrics having basis weights of about 100 to 350 g/hi^ (for example, 
PES 1B73 from Versddag. polyester 2F^ from ©chwelzerische SeWengazefabrilt or the glass fiber fabric 
0324© from Intarglae) have proved suitable, for example, as membrane carrier material. Fabrics having 
basis weights of about IDO to 200 g/m» showed a good distribution function for blood in blood diagnosis test 
strips, in particular with several reagent fields. Messrs. Sohwelzerische SeWangazefabriK also offer metal- 
lized fabrics which can detect, where appropriate, the starting point of tiie sample appiloation via 
measurement of the Ion conductivity. 
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Films 

Whlta-pigment films (tor examplo TrycitB® polystyrena film) are preferably used for preparation of the 
t»5t strip supports- For transparent polymer films whiqh also serve as wlndws. fllma of very perfect 
s tr^sparency are pmfen'ed, for example films of oeQulose acetate (Ultraphan&), polycarbonate (Maknofbi®), 
polyethylene terepKthaJate {Melinexo} or fluormated polymers (PVDQ» Messrs. Lonza). Hydrophobic or 
hydrophobized films (e.g., silicone^ated films from Laiifenbsrg, Krufeid) are preferred for dip-and-read 
tests. 

Other suftabia matertals whteh can be used as permeable layers are micra^Her membranes, tor 
10 example nylon membranes from Pall or membranes of fluorlnated potymers from MflKpore* 

The membrane matrlcos. according to the Invention, having an asymmetric pore strocUjre whldi 
preferably adhere to waddings or fabric carriers, pemill selective adiustment, In particular in combir^ion 
wHh the test strip conflggratlons according to the Invention described, of specific system properties which 
are not yet known in this range of variafions and combination posslbilftles from previously known lest strfp 
15 systems. The cfeclsive Influencing factors are Initially to be briefly explained hare and will be described In 
greater detail in the subsequent eocamples. 



PlasmB separation Inherent to tho cyctam 

so 

The decisive Influencing factor Is the already menlfoned asymmetric pore stmdure. As was dem* 
onstrated by electron microscopy piasma separation takes place et the boundary layer between the Mghly 
poroue support membrane and active separating layer 

S6 

Preceding part-reaction 

The necessary reagents are incorporatBd on the reverse side of the membrane, prerforably in the 
membrane carrier malenal (C in Rgure 1), particularly preferaWy in the overlying polymer network or 
so absorptive material. 



Example * Ascorbic Acid tnterterenoe 

S0 A test strip according to Figure Qs is prepared, the reagent matr)x (62) containing the reagents 
necessary tor detection of ^ucase. The membrane carrier material or the polymer network or abisorptlve 
material (68) lying over the matrix \b provided with the reagents selective fc^ ascorbic acid* As described in 
DB-AB (^rman f'ubllahed Specification) 15 dB 008. theee can be compounds with anion exciianger 
functions or preferably compounds having oxidising properties as deecrlbed. for example, in O&OS 

4D (German Published Specification} 30 12 368. However, when choosing the reagents, the SmHsatlons 
described In the iastmentfoned application with respect to Interaction of oxidizing agent with the indicator 
are not necessary here because the detection elements according to the invention permit spatial separation 
fiiom the reagent layer. The specific structure of the detection elements makes It furthermore possible to 
Integrate compounds with different functfon prtndples. for example, with anion exchanger and oxidation 

45 function In one or more layers in front of the reagent matrix In order to remove Interfering components, 
Pos^ble reagents for setective reaction with ascorbic acid which may be mentioned are: Na^tO^ and Pb 
(0Ac}2 (DE-OS IQerman Published Specrfication] 35 39 772); p-dlazoben^enesulphonlc acid. H^POg and 
NalOi or Cu$04 (European Patent 160 ZSS): iron complexes or hydroperoxides (European Patent Applica- 
Qon 123 t15) or ascortHc add oxidase (DE 2S 07 628). 

SO 

Effect on reaction kinetics 

ft has been found, completely surprisingly, that the detection elements according to the Invention can 
ss be used for end-point and Kinetio detev^nlnaifons by simple modification of the polynner casting solution 
used for the preparatk>n of the membranes. As was surprisingly found and Is described In detail in 
Samples 1 and 3. filler-frea membrane matrices lead to a kinetic reaction, whereas fihsr containing 
membranes show a typical end-point reaction. • 
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It was furthermore surprisingly found that a daiay in the steal of the reaction can be adjusted In ttie 
d^ection elements according to the invention^ Such a couras of the reaction la occasionally advantaoeous, 
for example In the case ot preceding reactions or in view of the exact timing between applloatlon of sample 
and measurBment. This surprianfl result wad obeerved on preparation of glucose teet strips In which the 

5 reagent layer oonelsted of an aqueous emulsion containing TMD. GOD, ROD and cMreto buffer. Polyvaiyl- 
pyrrolldone was used as emulslfJer. Other water-soluble polymers suHable for this purpose are pofyethers, 
polyacrylic and polyvinyl compounds as well as natunal water-soluble polymers, such as gelatin, agarose or 
cenulQSB derivfttWes, where appropriate in combination with Ionic or nonlonic eurfaotants* "Pie preparation ot 
such aqueous TMB emulsions is described in Exampie 6, The use of aqueous TMB emulsions for the 

to preparation of reagent layers has not yet been disclosed^ 

The absorption properijes of an additional layer (48, 68. etc.) can also be used to Wluenoo the 
sensltivrties of the chromogenlo reaction. Thus, Increasing color Intensities were observed with papers 
having Increasing basis weights (In the range of 0,5 Qfm^ to 27-5 gfre^. 

IS 

Use tor dtp-andnread methods 

Owing to the test strip structure already described and shown in Figure 1. the detecflon elements 
according to the Invention can also be used for dip-and-read methods. By using specific laminates, 

20 waddings or fabrics on the reverse side of the matrbc the problem of supernatant residual liquid can be 
solved and the amounts of absorbed liquid comrolled. 

The use of the detection elBments, according to the Invention, for test strips in which the sample liquid 
is applied to the reagent layer side and the excess Is wiped cjff Is, or course, also posaible with a 
conventional test atrip structure. 

25 A further advantage of the detection elements according to the invention as compared to test strips with 
glass fiber waddings for separetior^ of erythrocytes Is the very small amount of liquid necessary for the test 
On the one hand, this Is advantageous for the patients in the case of blood analysis permitting rolativoly 
small amounts of sample to be appiied to several test fields. This provides the possibility, shown In nflure 
4b for example, that several test fields can be operated by appncation of a relatively small amount of 

QQ sample to one point (opening 57) in the detection system. Thus, several metabolites can be detected 
simultaneously, or color reactions in different color shades and graded sensitivities with respect to better 
cdof differentiation can be generated within one metabolite (©.g., QJucose) by modiflcHfion of the reagent 
system. 

The following examplas are Intended to fflUBtrate the Invention further. 



EXAMPUE 1 



40 

Preparation of a gtucoae deteotlon system (reaction color: blue). 



(a) Preparation of the Polymer Casting Solution 

A homogeneous solution was prepared by stirring from 146.9 g (grams) of a cationic acrylonltrlle 
copolymer. 37.4 g of dodecylbenzenesulphonate (DBS), 603.4 g of dintethylformamlde (DMP) and 12.3 g of 
3,3'5,5'-tatramethylbenzidine (JMB). 

The chemical structure of a oatlonic acrylonltrlle copolymer was 
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IS 



80 



CH- 

I ^ 



CsQ 

J.* 



CN Cs=0 c=0 H HSO,^ 

4 



'CH3 0-CH2-CH2-N*(CH3)2 
. 89.4% 4.9% 5.7% 

K value: 84 

Amine funcSora: 229 mEq/kg polymer 

After tlltrBtlon CSeltz filter KO 00) and degassing, a polyester fabrio was knlf^^ooatedi coagulated In pure 
water and subsequently dried in hot air. 
Test condltlQns: 

Wet application of knrfe-coaUng: ISQ iim 

Polyester labric: PBS 1873 (vereeideg}. 120 gAmi*. 170 itm tltfok 

CoagulaQon conditions:^ pure water 

Water tampsrafum: 45' C, 3 mfaiulee 

Drylrvg: hat air. d ininutee at 65* • 



(b) Enzyme Impregnafion 

An aqueous Impmgnation solution was prepared from glucose oxidase (QOD), peroxidase (POD)i Triton 
KlOOr polyvinylpymoHdone (PVPKSO) and citrate buff^ <pH E^} 0*1-2). 

The TMB-oontalnlng membrane matrix described In Bcample 1(b) was coatad wttli Irnpregnatlon 
soluflon on the front side of the membrane by means of a dootor blade (10 iim) and dried in a olrouteftlng 
drying cabinet for 3 minutes at 50 * C. 



Test resufts; 

S5 

(a) With Whole blood - one drop of fjresh whole blood was app6ed to the reverse side of the membrane 
(polyester fabric). A homogeneous blue coloration was observed after atx3ut 20 Seconds on the oppoelte 
side (Rfontside of the membrane). 

(b) With glucose standard solutions (50. 100, 250, 400, 800 mg/idR). an Inoroasing intensity In the blue 
^ coloration conrespondlng to the Increa^r^g glucose conoentratlons was observed apprDxtmately 10 

seconds after application of the sample. 

(c) Evaluation of the reaction kinetics with a reflectometer reveals very good concentratian dependence. 

COMP/^ISON example 1 

4ff 



(Reagent membrane without anionic surfactant) 

Polymer casting solutiori: 146.8 g of the cationic acrylonltrlle copolymer, 803.4 g of dlmethytfomidmlde 
(DMF) and 12.3 g of 3.3 J6J6 -tetramethylbenzidine (T7\AB). 

The further processing (membrane preparation, enzyme Impregnation) was analogous to thet In 
Example 1. 



Test results: 

Very slight vk>let-grey dleootoratfon were found wKh the aqueoue standard glucose solutions, and these 
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dW not permft color differentiation corresponding to the glucoae oonoentrfltion. The reaction colors imJed 
away after only a few n^nutes. No oofor reaction was ol^served wHh whole blood. 

EXAMPLE 2 



Prepfiration of the ^yatsm described in Example i In carrier-free form- 



TO 



All test conditions and test results were identicaL with the exception of the coating sutwtrate. A glass 
plate was coated instead of the polyester fafcwic and was immersed In water (coagulated). During the 
coagulation process the membrane detached from the glass plate (can1er4r©e membrane). After drying end 
enzyme Impregnatfon the test was carried out with whole blood end aqueous standard eolutlons anatogoualy 
IS to Example 1 . 

in the case of wfiole blood, a color reaction without erythrocyte Interference wae obeerved on the front 
side of the membrane. Incraasing color intensities were obtained with Increasing glucose corwentrations. 



^ EXAMPLES 



Preparation of a glucose detection system with end-point reaction (reaction cotor: green). 

A homogeneous dispersion wae prepared by means of a high speed stirrer from 115.3 g of tiie oatlonic 
acrylonitrila copolymer from Example 1 , 163.3 g of barium sulphate (Blac fixe micron), g of DBS. BSaS 
g of DIVIF, 0.1 g Of Makrolex y^w and 0.7 g of TMB, FlltraSon (mesh Width 25 ttm) and degassing were 
followed by the further preparation steps as described In Example 1. 
so On testing with whole blood a homogeneous fl»«oft coloration was observed apptoximalely 10 seconds 
after application of the sample- 
On evaluation of the front side of the membrane with a reflectometer, attainment of the end point was 
observed after approximately 2 minutes. 



S0 



EXAMPLE 4 



40 Preparation of a glucose detection system (reaotton oolor: red). 

A homogeneous solution was prepared by sBrrlng from 146.0 g of the catJonIc acrylonitrfle copolymer 
from Example 1. 37.4 g of DBS, 803.4 g of DMF. and 12.3 g of 2,4,6-trlbDmophenol. The further steps up to 
the preparation of the dry, tnbrcmophenbl-cont^ing membrane vrere analogous to ©cample 1. 
4B An aqueous solution of GOD, POD, saponin. 4-amlno''antipyrtfte (4-AAP), phosphate buffer (pH 5^ and 
PVPK 30 were used for erayme impregnation on the front side of the membrane cn-4). 

After application of whole blood to the reverse side of the membrane a color reaction without 
erythrocyte Interference was found on the front side of the membrane. The teat solutions with increasing 
glucose concentrations showed Increasing Intensities in the reaction colors. 



so 



EXAMPLE S 

Preparation of a glucose detection system with reduced reaetNlty in the tow glucose range. 

The glucose detection system described In Exampfe 4 was additionaliy impregnated on the reverse 

Id 
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side of the membmnd (polyester fsibrlc) with an {mpregnalion soKibon of QOO, POD, saponin, 4~AAP and 
phosii^ate bufter (TLS) and drl^d. 

In the test wtth the aquQ0U9 standard solutions (sampid application to the ravdrse Btde of the 
membrane), a color reaction was observed only from 400 mgAS of gluoosd onwards* and this was 
Q Increasinply intense with Increaang glucose concentration. 



EXAMPLES 



Preparation of a glucose daiecllon ^^ystam with delayed reaction start 

A reagent-firee membrane was prepared tn analogy to Example 1 from 146.9 g of the catlonic 
rs acrylonftrfle copolymer. 37.4 g of DBS, 803^4 g of dMF, and 12,3 g of 2A6-trtbomophenol. For Impregna- 
tion, an aqueous TMB emutalon was prepared with the aid of a bead mill under the following condltlons- 
300.0 g of a 20% strength PVP solution In citrate buffer (0.2 M. pH S.S), 15,0 g of TMB and 0.75 g of 
NaPH^ were milled for 25 minutes with the aid of 900 g of glass beads and then filtered, 180 mg of GOD 
(180 UAng [unrts per milligram]), 1440 mg of POD (50 U/mg) and 30 ml of citrate buffer (0.2 pH bJS) ate 
2Q incorponated with the aid of a magnetic stirrer into 50 ml (mlllllters) of this suspension. 

After degassing, this reagent emulsion \b coated onto the surface of the reagenHi^ membrane and 
dried. 



£5 T eat with Whole blOQCf and aqueous glucose standard solutions: 

In the test with whole blood, a cofor reaction wtthout erythrocyte Interference was observed after 
approximately 40 seccHids. 

With the aqueous glucose standard solutions, increasing cotor intensities corresponding to the con- 
GO centration were observed approxtmately 30 seconds after appllcatkm of the sample. 

In further comparison examples, the following membranes were used instead of the cationic acrylonltrlle 
copolymer mennbrane: 



38 (a) Polyamlda/TiOa membrane 

A polymer/filler dispersion was prepared with the aid of diasolver from 100*0 g of polyamlde {Durethan 
T 40®), 650.0 g Of DMF and 66B.7 g of TtOi. The membrane was prepared in analogy to Bcample 1. 

40 

(b) Polyhydantoln/nOa membrane 

A dispersion was prepared from 100.0 g of polyhydantorn* 88.90 g of NMP and 5B8.7 of TlOa, and 
subsequently a mambrane was prepared in analogy to Example 1. 

46 

(c) Poiyether-polycarbonate membrane 

A homoger>sous casting sohition was prepared from 83.0 g of dioxolane and 17.0 g of poiyether 
eo carbonate (KU 1-1013. Bayer AQ) and subsequently a membrane waa prepared in analogy to Example 1. 



(d) Polysulphone membrane (TihAN 4840 420> Kallo) 

ss tn analogy to the cationic acrylonitrlle copolymer membrane described) the membrands were coated 
with the at>ove naagent emulsion, dried and tested wtth whole blood and aqueous glucose standard 
solutions. 

The test results (color reaction) corresponded to those of the above acrylonitrile copolymer membrane. 

14 
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EXAMPLH7 



6 Test strips for the detection of Qlucoee In urine. . 

A test etrip according to Figure Q was prepared, the reagent matrix described In Bcample 1 being used. 
The permeable layer (68) used was a nylon fabric (PA 15/10, Nybolt» from Qohweizarische SeTdengaxefabrik 
AG, ZOrlch). After immersion fn glucose-containing urine and withdrawal th© test strip was free of excQsd 
w urine. A homogeneous blue ootoratlon was observed through the transperorrt window. Inoreaslng glucose 
concentreilons led to increasing color Intensities. 

E3CAMPLEd. 



Test strips for lha detectton of ketone In urtne. 

20 The reagent-free membrane described in Example 9 was impregnated on Its reveree side with the 
follDwing solution and dried: 4^ g of sodium nltroprusarde. 20,0 mg of water and 16.4 of ma©nea1um 
sulphate (MgSOi 7 H2O). 

The pH value was adjusted to $.4 wim concentrated sodium hydroxide solution. Acetoacetlc add 
solutions (5, 15, 40, BO and 160 mg/dl tmllUgrams per deciliter]) were used for testing, and these led to 
Es increasing color intensities corresponding to the concentraHoru 



EXAMPUE9 



Urine test strips with reduced ascorbic acid interference. 

In analogy to Example 8 a glucose test strip was prepared, the permeable layer having been 
ss impr^nated beforehand with a 3 perxjsnt strength sodium periodate (NalO+) solution- A solution of 200 
mg/dl of glucose with 100 mg/dl of ascorbic add was prepared for the test. After Immersion a homo- 
geneous color reaction having an intensity corresponding to that of the ascorWc add-free comparison 
solution was observed through the transparent window. 

No color reaction was observed In the comparison test strip without periodate impregnation. 



EXAMPLE 10 



4S 

Detection of potassium In blood. 

A homogeneous solution was prepared by stin-lng from 100.0 g of the acrylonltrile copolymer described. 
25.5 g of Ulhlum dodeoyl sulphate, 692.6 g of dimethyl sulphoxide, 0.4 g of 7-<n-decyl)-2-methyl-4-(3.S- 
60 dlchlorophen^onoHnclonaphthoi (7-decyl MEDPIN). 0.1 g of nitrophenyl oclyl other and 1.0 g of 2.3- 
naphtho-15-crown 5. 

After filtration and degassing, a membrane waa prepared on polyester fabric in anatogy to Bcample 1. 
V^ote blood with increasing KOI concentrations (0. 4. 8 and IS mm) was used for the test Blue 
colorations wl^ tnoreasing color Intensities were observed on the membrane surfece. 

66 

EXAMPLE 11 



ie 
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Pixrtein d&tdctton In udne. 

The reagent-Ire© memijrane described In Example 6 was impregnated wrth the following eolutfon: 0.024 
0 of telrabromophenol blue, 40 ml of ethanol Bfid 5Q ml of citrate buffer (0.5 M, pH 3.8) make up to 100 ml 
e with water. After drying, test strips were prepared analogously to Ejcamplo 7 and Immersed In albumln- 
coritaInIr>g standard solutions (D. to 500 mg/dl). Green cobrations increasing rnfh the concentration were 
observed with proteirhcontaininQ solutiond. 



EXAMPUei2 



Detection of urea In biood. 



75 



20 



£6 



ao 



A homogeneous polymer solution was prepared by stirring, wifh heating* from 20.0 g of polyvinyltdene 
fluoride (PVDF) and 100.0 g of N-methylpyrroiidone (NMP). 

A hydrophobia membrane was prepared by coating of a polymer wadding and coagulation in waler in 
analogy to Example 1. Drying was fbliowed by impregnation with the following soiutrons: 



(a) Reverse side of the membrane 


Ureases 
f^epes 

DuPont Zorjyl FSN 


150 U/m1 Bcehrlnger Mannheim 
2.38 mg/ml Boehrlnger Mannheim 
5 ui/mi nonlonic fiuorinated surfactant 


(b) Front side of the membrane 


Bronrioplienol blue 
Citric acid 
DuPont Zonyl FSN 


20 mg/mi 

2.1 mg^i (0.01 M, pH 2^) 
5jLli/mt 



After drying, the test was carried out with urea-containing blood. A homog^eous blue ooloratlon which 
i3eoame more Intense with increaBing amounts of urea wai^ observed. 

EXAMPLE 13 



PreparatiDn of e glucose test strip with red reaction color In the low glucose concentration range and 
blue neaciion color In the high glucose concentration range. 

TTie tribromophenoi-containing membrane described In Example 4 was Impregnated fitmi tlie reverse 
side with impregnation solution TL3 <dOD» POD. saponin, 4-AAP) and from the front side with the TMB-PVP 
emulsion descritied in Example B» arid was dried. 



Preparation of the Impregnation Solution 

A 60 om (centimeter) graduated flaslc was used for the preparation of each of the solutions, 
QOD (180 \Jftng) POD (149 UAng) 
TL1 

119 mg QOD 
335 mg POD 
500 mg Triton X 10 

Cftnate buffer (pFi 0.2 iwi) up to the calibration mar1< 
Tl.2 

2000 mg PVP K 30 In adcfition to TL 1 
TLIC 

10 
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408 mg 4-aminoantIpyrlne In addition to TL 1 
Tl_ 2C 

153 mg 4^mmoantIpyrlne in addition to 2 
TL3 

5 119 mg GOD 
335 mg POD 
50 mg saponin 

102 mg 4-aminaBntipyrlne 
TL4 

1Q 2000 mg PVP K 30 In add'rtlon to TL 3 

In a test wfth aqueous standard solutions a red reaction color was observed up to 100 mg/dl erf glucose 
and a blue reaction color was obsorved at higher glucose oonoenlratlons. 

From the foregoing, it will be seen that tWs invention is well adapted to attain alt of the ends and objecta 
herelnljefore set forth, together with other advantages which are obvloue and Inhoront 
15 Obviously, many moditications and variaJione of the Invenfion as hereinbefore sot forth can be made 
wthout departing from the spirit and scope hereof and therefore only «iich Hmltaiions ehould be tnrtposed as 
are indicated by the appending claims. 

20 Clafms 

1 . A test strip for analy^dng substances from biological fluids, which test strip consists essentially of 

e porous membrane having asymmetric pore structure attached to a substrate, the porous membrane 
characterized by having a sample application aurfece of lange pore size and an oppoatts surface of floe pore 
23 8b:e adjacent to said substrate; and 

wherein the membrane contains anionic surfactant In an amount of about 1 to about 4 percent by weight 
based on a polymer casting solution used to form aald membrane. 

2. Ttia test atrip of claim 1 In which the asymmetrto membrane has an active separation layer of 0£ to 2^ 
um. 

30 3. The test strip of dalm 1 In which a sample application layer of 10 to 250 um Is applied to the memkN'ane. 

4. The test strip of claim 1 In which the porous membrane has a thickness of up to 50 um. 

5. The test strip of claim 1 in which the substrate Is transparent. 

e. The test strip of claim 1 In which an air space exists between a portion of the membrane and the 
substrate. 

06 7. The test strip of claim 1 In which the strip Is covered by a polymer film which has an opening for the 
Introduction of a sample of the biological -fluid being analyzed. 



4a 
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